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Abstract. The solutions for the Tolmann-Oppenheimer-Volkoff (TOV) equation bring valuable informa-
tions about the macroscopical features of compact astrophysical objects as neutron stars. They are sensitive
to both the equation of state considered for nuclear matter and the background gravitational theory. In
this work we construct the TOV equation for a conservative version of the f(R, T ) gravity. While the
non-vanishing of the covariant derivative of the f(R, T ) energy-momentum tensor yields, in a cosmological
perspective, the prediction of creation of matter throughout the universe evolution as shown by T. Harko,
in the analysis of the hydrostatic equilibrium of compact astrophysical objects, this property still lacks a
convincing physical explanation. The imposition of ∇µTµν = 0 demands a particular form for the function
h(T ) in f(R, T ) = R + h(T ), which is here derived. Therefore, the choice of a specific equation of state
for the star matter demands a unique form of h(T ), manifesting a strong connection between conserved
f(R, T ) gravity and the star matter constitution. We construct and solve the TOV equation for the general
equation of state for p = kρΓ , with k being the EoS parameter, ρ the energy density and Γ is the adiabatic
index. We also derive the macroscopical properties of neutron stars (Γ = 5/3) within this approach.
PACS. PACS-key alternative, gravity, theory – PACS-key TOV
1 Introduction
In the last years, alternative theories of gravity have as-
sumed an important role in the attempts for explaining or
evading some shortcomings one faces when considers Gen-
eral Relativity (standard gravity) as the underlying gravi-
tational theory. As some examples of those shortcomings,
one could quote the dark energy problem [1,2] and the
observation of massive pulsars [3,4] and white dwarfs [5,
6,7]. Today, the most popular of the alternative gravity
theories is the f(R) theory [8,9,10], which takes a general
function of the Ricci scalar R in the gravitational action
as its starting point. As it is expected, the presence of gen-
eral terms in R in the action yields extra terms in the field
equations of the theory, and those, in a cosmological as-
pect, can explain the present cosmic acceleration [11,12]
with no need for dark energy [13,14]. Such extra terms
can also elevate the maximum mass expected for neutron
stars [15,16] and white dwarfs [65].
Anyhow, in [17], some flaws in the f(R) gravity ap-
plicability were collected. It was brought to the scientific
community attention the fact that the vast majority of
the proposed f(R) models are ruled out by Solar System
regime tests [23,24,25]. Galactic scale tests also cannot
support the f(R) theory. Rotation curves of spiral galax-
ies were constructed in f(R) gravity, but the results did
not favor such a theory [26,27,28]. Anyhow, it is worth
mentioning that the first viable cosmological models of
dark energy (but not dark matter) in f(R) theory were
independently constructed in [29,30,31], all all of them
avoiding the Dolgov-Kawasaki instability.
Motivated by these important issues, still in [17], it
was proposed a generalization of the f(R) theory, by in-
cluding in the gravitational action, besides the general
term in R, a general term in T , the trace of the energy-
momentum tensor, yielding the f(R, T ) theory of gravity.
The T−dependence of the theory can be due to the con-
sideration of quantum effects, generating a potential path
to a quantum theory of gravity [32]. It can also be related
to the existence of imperfect fluids in the universe [17].
It has been shown that such theories are capable of
well describing the Solar System regime [33]. The dark
matter galactic effects can be understood as due to the
field equations extra terms predicted by the theory [34].
It was also shown that f(R, T ) gravity can give a consider-
able contribution to gravitational lensing [35] and a devi-
ation to the usual geodesic equation [36,37]. Although the
cosmological viability of non-conservative f(R, T ) grav-
ity models has been challenged recently, the same can-
not be said for conservative models [38]. Anyhow, the fol-
lowing works [39,40,41,42,43] put f(R, T ) gravity non-
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conservative models in test in the observational cosmol-
ogy aspect and the results are in favor of the theory. In
[39], the authors have shown that a dust fluid in f(R, T )
gravity reproduces ΛCDM cosmology. The obtained Hub-
ble parameter shows good agreement with baryon acous-
tic oscillations. In [40], it was shown that the functional
form f(R, T ) = R + αR−n +
√−T , with constant α and
n, yields consistent quantities when compared to obser-
vational data, for n = −0.9. We should also remark here
that E.H. Baffou et al. in [41] have shown that the cos-
mological solutions of f(R, T ) gravity are consistent with
the observational data for low and high redshift regimes.
Furthermore, in [42], the authors have obtained, from
a non-standard Hubble parameter as a function of red-
shift, H(z), acceptable models, also consistent with obser-
vational data. In [43], the authors have numerically sim-
ulated the plots of redshift versus distance modulus for
different f(R, T ) models and obtained good fitting curve
compared with astronomical observational data.
Moreover, the f(R, T ) cosmology evades the dark en-
ergy problem, by describing the cosmic acceleration as
also due to the extra terms in T in the field equations
of the model [44,45,46,47,48,49], instead of being due to
the presence of a cosmological constant.
As we shall quantitatively visit later, an important
consequence of the f(R, T ) field equations dependence on
extra material (instead of geometrical) terms is the non-
vanishing of the covariant derivative of the matter energy-
momentum tensor, that is, ∇µTµν 6= 0 [17,50].
Cosmologically speaking, the non-conservation of the
energy-momentum tensor is interpreted as due to creation
(or destruction) of matter throughout the universe evolu-
tion [48,49]. This subject was deeply investigated from a
thermodynamical perspective of the f(R, T ) gravity the-
ory in [51]. The same kind of physical property can be ap-
preciated in another non-conservative energy-momentum
theories, such as those presented in [52,53].
Very recently, the cause of the cosmic acceleration it-
self was proposed to be related with terms that do not
conserve the energy-momentum tensor [54,55].
In an astrophysical level, say, in the construction of the
Tolman-Oppenheimer-Volkoff (TOV) equation [56,57],
∇µTµν 6= 0 cannot be interpreted in the same way as in
cosmology. Although the creation of matter in the univer-
sal scale mentioned above is a consequence of processes
occurring in a quantum scale, the creation or destruction
of matter particles shall not occur in a static analysis, such
as the TOV equation.
Therefore one is left with the following question: is it
possible to physically interpret by other means the non-
conservation of the energy-momentum tensor in the hy-
drostatic equilibrium of a compact star?
It has been shown that in order to construct the TOV
equation in the f(R, T ) gravity, one needs the following
non-conservative equation [58,59]
p′ + (ρ+ p)
φ′
2
= − λ
8pi + 2λ
(p′ − ρ′). (1)
In (1), p and ρ are the pressure and matter-energy density
of the star, respectively, φ is a spherically symmetric met-
ric potential, ′ ≡ d/dr and it was taken f(R, T ) = R+2λT ,
with λ a constant. However, as discussed above, the non-
conservation of the energy-momentum tensor in the TOV
equation construction cannot be interpreted as due to
creation of matter. Therefore, Eq.(1) still lacks a some-
how rigorous physical interpretation in the astrophysics
context. In order to evade this problem, we will, for the
first time in the literature, impose the conservation of the
energy-momentum tensor in f(R, T ) gravity for the hydro-
static equilibrium of compact stars, and apply to neutron
stars. That is the main purpose of the present article.
The article is organized as follows: in Section 2, we de-
scribe some important mathematical and physical proper-
ties of the f(R, T ) gravity. In Section 3 we present a spe-
cific functional form for the function h(T ) in f(R, T ) =
R + h(T ) which conserves the energy-momentum tensor.
We discuss some particular cases of this function. Once
such a model is constructed, we derive and solve a new
TOV equation in Section 4. We highlight and discuss our
results in Section 5.
2 The f(R, T ) gravity
Proposed as a generalization of the f(R) theory, the f(R, T )
gravity has as its starting point the following action [17]
S =
∫ [
f(R, T )
16pi
+ Lm
]√−gd4x, (2)
with f(R, T ) being the general function of R and T , Lm
is the matter lagrangian density, g the determinant of the
metric gµν and we are assuming natural units.
When varying this action with respect to gµν , one ob-
tains the following field equations
Gµν = 8piTµν +
1
2
h(T )gµν + hT (T )(Tµν − Lmgµν), (3)
in which Gµν is the Einstein tensor, Tµν is the energy-
momentum tensor and we have already considered f(R, T ) =
R + h(T ), with h(T ) being a function of T only, so that
one recovers General Relativity in the regime h(T ) = 0.
Moreover, hT (T ) ≡ dh(T )/dT .
The covariant derivative of Tµν in (3) reads
∇µTµν = hT (T )
8pi + hT (T )
[(Lmgµν − Tµν)∇µ lnhT (T )+
∇µ(Lm − 1
2
T )gµν ].
(4)
3 A conservative version of the f(R, T )
gravity
It is natural to think that a certain form for h(T ) (be-
sides the trivial one) in Eq.(4) above conserves the energy-
momentum tensor, i.e., yields ∇µTµν = 0. In order to find
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this form we can force the lhs of Eq.(4) to be 0 and search
for the referred solution for h(T ).
We choose the matter lagrangian density to be Lm = ρ
in order to have the energy-momentum tensor describing a
perfect fluid and we also define the metric for a spherically
symmetric object as
ds2 = eφdt2 − eψdr2 − r2dθ2 − r2 sin2 θdφ2, (5)
with ψ = ψ(r) being a metric potential that depends on
r only.
From the assumptions above and taking ν = 1 in Eq.4,
we have
(ρ+ p)(lnhT )
′ +
1
2
(ρ+ 3p)′ = 0, (6)
where a prime indicates radial derivative and we have
taken into account that T = ρ − 3p for a perfect fluid,
which is being assumed.
From now on, we need to define an equation of state
(EoS) to be used in order to find the functional h(T ) that
will satisfy (6). The EoS to be employed here is a poly-
tropic relation between pressure and energy density. Such
an EoS was used in the literature, by Tooper, to model
the EoS of neutron stars [60].
One of the most common EoS used in the literature
to describe neutron stars is the polytropic one, where the
relation between pressure and energy density assumes the
form p = kρΓ , where k is a constant and Γ the adia-
batic index. It can well represent the neutron stars we are
concerned here, as we see in [58,61], and from this choice
we can find a function h(T ) that conserves the energy-
momentum tensor.
In fact, the advantage of using such an equation of
state (EoS), which leads to the maximum masses of neu-
tron stars to be ∼ 1.4M, is that any increasing in this
limit is due to the gravity theory itself.
It is important to stress that we are using a polytropic
EoS in the energy density that is really different from a
opic one in the particle number density or mass density.
It is know that the last case, usually used in white dwarf
calculations or Newtonian stars, only by applying first law
of thermodynamics, it always produce a linear relation
between pressure and energy density (Γ = 1) [64], that
is not a good approximation for neutron stars, where the
sound velocity is not constant when the energy density
changes inside the star.
From (6), and assuming the polytropic EoS, one can
obtain
hT (ρ) = α
(
ρ+ kρΓ
) (1−3Γ )
2(Γ−1) ρ
Γ
(Γ−1) . (7)
and, consequently,
h(ρ) = α
1
3Γ − 2 2ρ
Γ
Γ−1
(
ρ1−Γ + k
k
) 1−3Γ
2(1−Γ ) (
ρ+ kρ
Γ
) 1−3Γ
2(Γ−1) ×
[
3(3Γ − 2)kρΓ 2F1
(
1− 3Γ
2(1− Γ ) ,
Γ
2(Γ − 1) ;
Γ
2(Γ − 1) + 1;−
ρ1−Γ
k
)
−ρ 2F1
(
1− 3Γ
2(1− Γ ) ,
2− 3Γ
2(1− Γ ) ;
4− 5Γ
2(1− Γ ) ;−
ρ1−Γ
k
)]
,
(8)
where 2F1 represents the Gauss hyper-geometric function.
It is worth to cite that as T (ρ) one can construct the
functional h(T () by performing the numerical calculation
of (8).
Following the recent works to describe neutron stars
[58,61], we can consider Γ = 5/3, and find the functional
h
hT (ρ) = α
ρ5/2(
ρ+ kρ5/3
)3 , (9)
h(ρ) =
3α
64
5√2 log
(√
k 3
√
ρ+
√
2 4
√
k 6
√
ρ+ 1
)
k3/4
−
5
√
2 log
(√
k 3
√
ρ−√2 4√k 6√ρ+ 1
)
k3/4
+
10
√
2 tan−1
(
1−√2 4√k 6√ρ
)
k3/4
−
10
√
2 tan−1
(
1 +
√
2 4
√
k 6
√
ρ
)
k3/4
− 40ρ
kρ2/3 + 1
+
96
√
ρ
(kρ2/3 + 1)2
 .
(10)
4 The TOV equation and its solutions from a
conservative f(R, T ) gravity
By using the metric defined in (5) we obtain the tt and rr
components of the field equations as
e−ψ
r2
(eψ + ψ′r − 1) = 8piρ+ 1
2
h(ρ), (11a)
e−ψ
r2
(
1− eψ + φ′r) = 8pip− 1
2
h(ρ)− hT (p− ρ). (11b)
We introduce now the quantity m(r) which depends
on the radial coordinate only, such that
e−ψ = 1− 2m
r
, (12)
and replacing it into (11a) we get
m′
r2
= 4piρ+
1
4
h(ρ). (13)
Let us recall that from the conservation of the energy-
momentum tensor we have:
∇µTµν = −p′ − (ρ+ p)φ
′
2
= 0. (14)
By isolating φ′ in (11b), one is able to derive the mod-
ified TOV equation as follows
p′ = −(ρ+ p)
{
m
r2 +
[
4pip− 14h(ρ)− 12hT (p− ρ)
]
r
}
1− 2mr
,
(15)
if α = 0 we canceling out any contribution from the trace
of the energy-momentum tensor in the field equations.
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The Equations (13) and (15) can be solved numerically
by using a Runge-Kutta method. The boundary condi-
tions at the center of the star are as follows: p(0) = pc,
ρ(0) = ρc and m(0) = 0, with pc and ρc being the cen-
tral pressure and central energy density. For r = R, where
the pressure and energy density of the star vanish, the en-
closed mass m(R) = M will represent the total mass of
the star and R its total radius. By using different values of
central energy density, one is able to construct the mass-
radius relation as well as other relations that we further
derive in this work.
Figure 1 below shows the behaviour of the total mass
with total radius of the neutron star, where several values
of α were used and Γ = 5/3 in reference to the work of
R.F. Tooper [60], and also in [58,61]. It is worth to quote
that α = 0 corresponds to results found within General
Relativity theory.
10.0 12.5 15.0 17.5 20.0 22.5 25.0
R[km]
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
M
/M
= 0.15
= 0.1
= 0
= 0.1
Fig. 1. Mass-radius neutron star relation for the conservative
model of f(R, T ) gravity. Several values of α were employed
and Γ = 5/3.
From Fig.1 we can note that for larger positive α, less
massive and smaller stars are found. Such a behaviour
can be understood as a strong gravity regime effect, as
the case of GR in comparison with Newtonian gravitation
[72]. On the other hand, for the cases where α < 0 we
observe an increasing in the total mass and total radius of
the neutron star when |α| increases.
In Fig.2 below we show the neutron star mass against
central energy density for the conserved model of f(R, T )
gravity, where several values of α were employed. For all
values of α we observe that the mass initially increases
with central density until it attains a maximum value.
After that point, the mass decreases with the increasing
of central density.
From the regular criterion of stability, ∂M/∂ρc > 0, we
conclude that the maximum mass points mark the onset
of instability in the curves of Fig.2. In addition, the value
of λ = −0.15 produces a maximum mass stable neutron
star of M ≈ 2.2M.
0 500 1000 1500 2000
C [MeV/fm3]
0.0
0.5
1.0
1.5
2.0
2.5
M
/M
= 0.15
= 0.1
= 0
= 0.1
Fig. 2. Total mass versus central energy density of neutron
stars (Γ = 5/3) for the conservative model of f(R, T ) gravity
using several values of α. The maximum mass points mark the
onset of instability.
5 Discussion
Alternative gravity theories offer an important possibility
for solving or evading some issues one faces when treating
General Relativity as the background theory of gravity.
On this regard, one could check Refs.[73,74,75].
In the present paper we have worked with a particular
alternative gravity, named f(R, T ) theory. The T depen-
dence of the theory is due to the consideration of quantum
effects or to the possible existence of imperfect fluids in the
universe. Among other features, the f(R, T ) gravity pre-
dicts a non-conservation of the energy-momentum tensor.
Anyhow, one can find a few f(R, T ) gravity references in
which the energy-momentum tensor is conserved through
the imposition of some mechanism or particular approach.
F.G. Alvarenga et al. in the Reference [76] have im-
posed ∇µTµν = 0 and derived the resulting dependence
on T for the function that conserves the f(R, T ) energy-
momentum tensor in cosmology, for a Friedmann-Lemaˆıtre-
Robertson-Walker metric, as f(T ) = αT
1+3c2s
2(1+c2s) , for which
α is an integration constant and cs =
√
∂p/∂ρ is the speed
of sound. S. Chakraborty has shown that when f(R, T ) =
A(R) + B(T ), with A and B being functions of their ar-
guments and A(R) 6= R, the function B(T ) = B0T 11+ω ,
with B0 an integration constant, conserves the f(R, T )
energy-momentum tensor [77].
In [47], it was proposed a different mechanism to con-
serve the f(R, T ) gravity energy-momentum tensor for a
particular function, named f(R, T ) = R + 2χT . It was
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shown that what makes ∇µTµν 6= 0 in the f(R, T ) gravity
is the indistinct presence of T˜µν defined as
T˜µν ≡ χ
8pi
[2(Tµν + pgµν) + Tgµν ], (16)
such that the theory may be described by an effective
energy-momentum tensor given by T effµν = Tµν + T˜µν . By
using simple mathematical properties, it was shown that
both ∇µTµν = 0 and ∇µT˜µν = 0 can be simultaneously
satisfied, with the latter indicating the existence of stiff
matter fluid permeating the universe together with the
ordinary energy-momentum tensor fluid.
In particular, in this work, we derived the functional
h(T ) that conserves the energy momentum-tensor by con-
sidering the specific model f(R, T ) = R + h(T ) and a
polytropic EoS in the energy density ρ given by p = kρΓ ,
with k being the EoS parameter. We have derived the hy-
drostatic equilibrium equations for the conservative model
of f(R, T ) gravity here obtained, showing that it presents
new terms in comparison to the standard TOV equation.
Regarding phenomenology of neutron stars (Γ = 5/3),
we showed that their structure suffers significant devia-
tions from general relativistic results and depends on the
choice of the value of the free parameter α. In particular,
for negative values of α we found larger and more massive
stars with the increasing of |α|. On the other hand for
positive values of α we obtained smaller and less massive
stars according to the increasing of α. These features can
be appreciated in Fig.1.
In Fig.2 we have plotted the neutron star mass against
its central density. The figure refers to our conservative
model and this presents a sensitive contribution to the
increasing of mass for α < 0.
Furthermore, in Fig.2, together with the regular crite-
rion of stability, indicates a lower limit for α in the present
model, which reads −0.15.
In summary, we have presented for the first time in
the literature the hydrostatic equilibrium configurations
of neutron stars for the f(R, T ) gravity with conservation
of the energy-momentum tensor. We have shown that by
imposing ∇µTµν = 0 in such a theory, a unique func-
tion of T in f(R, T ) is obtain for each EoS one may use.
Particularly, in this work we choose a quite general one,
p = kρΓ . Several works have been done before concerning
compact objects in f(R, T ) without imposing the energy-
momentum conservation. In these cases, for a specific EoS
choice it was possible to use any form for the h(T ) func-
tion. In our approach, this is not true anymore, which is a
manifestation of the existence of a strong connection be-
tween the conserved f(R, T ) gravity and the star matter
constitution. Thus, when we have a complete knowledge
of the equation of state of cold super dense matter, we
will be able to find an unique form for h(t) in the con-
served f(R, T ) gravity and construct a unified theory for
astrophysics and cosmology.
We also obtained in our approach, for the particular
case of α < 0, a mass × radius diagram in which high neu-
tron star masses, with large radius, can be attained. As in
the work done before of neutron stars in a non conserva-
tive f(R, T ) gravity, the high neutron star masses are ob-
tained with lower central energy densities ρc [58]. In view
that recent astrophysical observations of massive pulsars
still await convincing explanations, a mechanism able to
provide such an increasing on the mass is valuable. Also,
further searches for novel conservative functional forms for
the f(R, T ) function can be attained in near future, from
different equations of state.
Finally, we would like to stress that we cannot con-
strained the cold dense matter equation of state by astro-
nomical observations of very massive pulsars, since it is
possible to obtain high neutron stars masses with an EoS
that in the normal General Relativity theory will produce
only a maximum mass of 1.4 M, as it is the case of the
EoS used here. The only way to know the high density
behaviour of nuclear matter is by nuclear physics experi-
ments in the laboratory, since the maximum neutron star
mass depends also on the gravity theory used, as we have
shown here.
6 Acknowledgments
We would like to thank the Referee for his/her construc-
tive comments. The authors thank the financial support of
Sa˜o Paulo Research Foundation (FAPESP) under the the-
matic project 2013/26258-4. PHRSM would like to thank
also (FAPESP), grant 2015/08476-0. GAC thanks CAPES
for financial support under the process 88881.188302/2018-
01.
References
1. S. Weinberg, Rev. Mod. Phys. 61 (1989) 1.
2. G. Hinshaw et al., Astrophys. J. Suppl. 208 (2013) 19.
3. P. Demorest et al., Nature 467 (2010) 1081.
4. J. Antoniadis et al., Science 340 (2013) 6131.
5. D.A. Howell et al., Nature 443 (2006) 308.
6. R.A. Scalzo et al., Astrophys. J. 713 (2010) 1073.
7. S.O. Kepler et al., Mon. Not. R. Astron. Soc. 375 (2007)
1315.
8. S. Nojiri and S.D. Odintsov, Phys. Rep. 505 (2011) 59.
9. T.P. Sotiriou and V. Faraoni, Rev. Mod. Phys. 82 (2010)
451.
10. A. De Felice and S. Tsujikawa, Liv. Rev. Rel. 13 (2010)
161.
11. A.G. Riess et al., Astron. J. 116 (1998) 1009.
12. S. Perlmutter et al., Astrophys. J. 517 (1999) 5.
13. L. Amendola et al., Phys. Rev. D 75 (2007) 083504.
14. Y.-S. Song et al., Phys. Rev. D 76 (2007) 063517.
15. S. Capozziello et al., Phys. Rev. D 93 (2016) 023501.
16. A.V. Astashenok et al., J. Cosm. Astrop. Phys. 12 (2013)
040.
17. T. Harko et al., Phys. Rev. D 84 (2011) 024020.
18. L. Ferrari, P.C.R. Rossi and M. Malheiro, Int. J. Mod.
Phys. D 19 (2010) 1569.
19. L. Herrera and W. Barreto, Gen. Relativ. Gravit. 36
(2004) 127.
20. M. Malheiro, M. Fiolhais and A.R. Taurines, J. Phys. G
29 (2003) 1045.
6 Please give a shorter version with: \authorrunning and \titlerunning prior to \maketitle
21. R.P. Negreiros, F. Weber, M. Malheiro and V. Usov, Phys.
Rev. D 80 (2009) 083006.
22. X.Y. Lai and R.X. Xu., Astropart. Phys. 31 (2009) 128.
23. A.L. Erickcek et al., Phys. Rev. D 74 (2006) 121501.
24. T. Chiba et al., Phys. Rev. D 75 (2007) 124014.
25. S. Capozziello et al., Phys. Rev. D 76 (2007) 104019.
26. A.D. Dolgov and M. Kawasaki, Phys. Lett. B 573 (2003)
1.
27. T. Chiba, Phys. Lett. B 575 (2003) 1.
28. G.J. Olmo, Phys. Rev. D 72 (2005) 083505.
29. W. Hu and I. Sawicki, Phys. Rev. D 76 (2007) 064004.
30. S. A. Appleby and R. A. Battye, Phys. Lett. B 654 (2007)
7.
31. A. A. Starobinsky, JETP Lett. 86, (2007) 157.
32. M.-X. Xu et al., Eur. Phys. J. C 76 (2016) 449.
33. H. Shabani and M. Farhoudi, Phys. Rev. D 90 (2014)
044031.
34. R. Zaregonbadi et al., Phys. Rev. D 94 (2016) 084052.
35. A. Alhamzawi and R. Alhamzawi, Int. J. Mod. Phys. D 25
(2016) 1650020.
36. E.H. Baffou et al., Chin. J. Phys. 55 (2017) 467.
37. Ronaldo V. Lobato, G. A. Carvalho and A. G. Martins.
arXiv:1803.08630
38. H. Velten and T.R.P. Carameˆs, Phys. Rev. D 95 (2017)
123536.
39. M. Jamil, D. Momeni, M. Raza and R. Myrzakulov, Eur.
Phys. J. C 72 (2012) 1999.
40. H. Shabani and M. Farhoudi, Phys. Rev. D 90 (2014)
044031.
41. E.H. Baffou, A.V. Kpadonou, M.E. Rodrigues, M.J.S.
Houndjo and J. Tossa, Astrophys. Space Sci. 365 (2014)
173.
42. E.H. Baffou, M.J.S. Houndjo, M.E. Rodrigues, A.V.
Kpadonou and J. Tossa, Phys. Rev. D 92 (2015) 084043.
43. G. Sun and Y.-C. Huang, Int. J. Mod. Phys. D 25 (2016)
1650038.
44. P.H.R.S. Moraes, G. Ribeiro and R.A.C. Correa, Astro-
phys. Space Sci. 361 (2016) 227.
45. P.H.R.S. Moraes and J.R.L. Santos, Eur. Phys. J. C 76
(2016) 60.
46. P.H.R.S. Moraes and P.K. Sahoo, Eur. Phys. J. C 77
(2017) 480.
47. P.H.R.S. Moraes, R.A.C. Correa, G. Ribeiro, Eur. Phys.
J. C 78 (2018) 192.
48. V. Singh and C.P. Singh, Int. J. Theor. Phys. 55 (2016)
1257.
49. P. Kumar and C.P. Singh, Astrophys. Space Sci. 357
(2015) 120.
50. J. Barrientos O. and G.F. Rubilar, Phys. Rev. D 90 (2014)
028501.
51. T. Harko, Phys. Rev. D 90 (2014) 044067.
52. T. Harko and F.S.N. Lobo, Eur. Phys. J. C 70 (2010) 373.
53. T. Harko et al., Phys. Rev. D 87 (2013) 047501.
54. H. Shabani and A.H. Ziaie, Eur. Phys. J. C 77 (2017) 507.
55. T. Josset et al., Phys. Rev. Lett. 118 (2017) 021102.
56. R.C. Tolman, Phys. Rev. 55 (1939) 364.
57. J.R. Oppenheimer and G.M. Volkoff, Phys. Rev. 55 (1939)
374.
58. P.H.R.S. Moraes, J.D.V. Arban˜il and M. Malheiro, JCAP
06 (2016) 005.
59. G.A. Carvalho et al., Eur. Phys. J. C 77 (2017) 871.
60. R.F. Tooper, Astrophys. J. 140 (1964) 434.
61. S. Ray et al., Phys. Rev. D 68 (2003) 084004.
62. S. Chandrasekhar, Mon. Not. R. Astron. Soc. 95 (1935)
207.
63. L. Herrera and W. Barreto, Gen. Relativ. Gravit. 36
(2004) 127.
64. X.Y. Lai and R.X. Xu, Astropart. Phys. 31 (2009) 128.
65. A. Das et al., Eur. Phys. J. C 76 (2016) 654.
66. A. Ghale, Eur. Phys. J. C 76 (2016) 136.
67. M. Chaichian et al., Phys. Rev. D 93 (2016) 104020.
68. E. Witten , Phys. Rev. D 30 (1984) 272.
69. E. Farhi and R.L. Jaffe, Phys. Rev. D 30 (1984) 2379.
70. Coelho, J. G.; Lenzi, C. H.; Malheiro, M.; Marinho, R. M.;
Providncia, C.; Fiolhais, M., Nucl. Phys. Proc. Suppl. 199
(2010) 325.
71. Coelho, J. G.; Lenzi, C. H.; Malheiro, M.; Marinho, R. M.;
Fiolhais, M., Int. J. Mod. Phys. D19 (2010) 1521.
72. G.A. Carvalho, R.M. Marinho Jr. and M. Malheiro, Gen.
Relativ. Gravit. 50 (2018) 38.
73. S. Capozziello and M. de Laurentis, Phys. Rep. 509 (2011)
167.
74. S. Capozziello and M. Francaviglia, Gen. Rel. Grav. 40
(2008) 357.
75. P. Bull et al., Phys. Dark Univ. 12 (2016) 56.
76. F.G. Alvarenga et al. , Phys. Rev. D 87 (2013) 103526.
77. S. Chakraborty, Gen. Rel. Grav. 45 (2013) 2039.
